Topology of SU(N) lattice gauge theories 
coupled with Zn 2-form gauge fields 


Yuya Tanizaki (Yukawa Institue, Kyoto U.) 


based on arXiv:2303.1097 7 |hep-lat] 
with Motokazu Abe, Soma Onoda, Hiroshi Suzuki (Kyushu U.), Okuto Morikawa (Osaka U.) 


4d SUW) Yous - Hills Huor 


e ıs o Fundamoutal thosry ob- strona intenacti on 


& shows conl inpar off. colon -ofecbuc ela | 
VN or 
Y Y o (c^ M) 
In tux dag», H has bem uncovers that the antining vacua off 


YH Heres fave ridan structures tun wee expectecl, 


4d SUIN) gauge fillo hwe topeloyicak — seco 
| = 
we (ir CE AE) c Z 


so Ha YM Huny lao the Draft ` 


Zo =Ĵ®a ep (— EA ai s [e (PAP) 


The O- ame is periodic becuse 
Seton Ze. 
However, the vane at O=O ae 6-2 owe distinct !! 
C Tntroduce Zp L-fwm background gange fidd D Ha 


iN eB 
Z guo [B{ = e > Z 6 C8] 


: . GeicHo, Ko. ustin, 
Loco). condentorm is shifted Kon Cki, Seihorg 2017 


) 


Thio fe reli. Zorn LB] = Qi Se ZLB J — (9 
was dawed by amabyzing, the smooth amd classical gouged fields 


Question Does the rollo (Æ) TOR for the renormalized d Uaec YM theory ? 


Ou. omswen By extending tha. wak of lùsan (2827) 
we cam define the almisibiity foa — ffe SUW) gouge fillo couplet with B 
ond the admissible dtc gay fiddo hwe (top [12,8] se. 
i top (s ( dba ) local , 
Qtop is (SUW)- awl Zu live) gouge inel, ad 
e Ofop = Nl gab t Cudeger ) 
a en eed ° 
E pZ 


In short , | He reddo CC) is dr ak the fwde lattia spactu» l 


Iden of Lasch C1182 ) 
Topological chuse 


SUCH) li gep Fello Up) 


urere such Win) et ATO, ve 


C top ca M ty (F^F) depends only ena To transition functions 


Va, V ( x) 


Uo G! 
SU(N) transition Functions ex. 


e 
Un pla) J, «UJ = Va, p (x) Vn-O,p fore XE in 
n co-P -9) 


Com define 


( Arp € Z. 
Thro is possible if | 4- Oo l < € (xal) (admissibility cowlifim ) 


Uan) Omp) Us wd) O(n) 


D Mia SOM) gauge fiddo w/ Zu 2- Foe gup Selo 
: SUW) link vanish 


y (n) € SUW) 
plaquette variable 


any 
on Bol" € Zy | Gn 


Wilson goaa action ' 
Su VL 0,9, Bn] = 6 I 5b 


w/ Dw (nr) = y ] 
ntp 


n 


I WwCt- EE BH ox Gy) «eet 
su) 
Thin) Us(mj) Uje) TT 


. | Bw) is i assumed to be fl ` 
(AB ),,00 7 Ap Bye) 7 Ay Bye) + ApB) =O Cod M) 
R_ upra exlerion 

e Sw is iwanini undan 
| such) ge framoformahon O,. ln) — Zin)’ Up (n) S Qj) , und 
Q5 Adm U,(0), B wt) 8,0 + (A),,0). 


SU(N) 


IZAN l-form oat a tramdonmstin U 7 (n) — 


Admissibility condition ( Liischen , 1282) 
o The ace $ lattico gauge fillo (WY is connecteck 


( PE Any config- (Ut) t Can be continuously deformed to the frivial. cor]ia. Mt, ) 


=] Unlike Hea continuum case , thaw. ana no topelomicall sedevo © 
| (4n) 
° Note. Hot Ha Covth nuum limt IS Hha weak coupling lina t. : hw = 92 | 
The path integra is demintad be 
li- Cool & ecd. 


€ (£ O.l ) P amol restrict the poth integral lo the ‘admissible Sieds 


=> fick some 
| 4 - Cy Q | < E. 


——— enn 


j S 
/ ' Just o. number indlependest Drom physiol pamte 
lans ^ PU li such as 9-4, lattice size, - 


S ketch fa Ha construction of drousition functious Tay (n) 
o On eoch coll , we tike Ha coepi anal gauge 


| ! "wn, 
(pev) on vus? dL inde vanish fr the arid is 
he 
— => v ! 
n P) e ay) | 
vl} UT 7 4 I h "aspe = RN Cu, 7099) 
———— LA — e R V 
-— me n 4 (= Ua wef ) "standon paro al inatjuPtn 


> Attach Bs Te Usb So Hat they ANR y Hore 377 Vc 


MM. Wi(g e- ) n 
U ab ~ E" U ab 
s Define Transition functions Duy (x) ot He comer of Soy) = C(n-9) 0 CH), 
eur ew 
Wew Uob 
l Fin He link <a- b> € 5C, p), 
» two axial gous er ab n anh of n-p AAR. dai d. . 
xv» 0 o0) Gn, V0) 
n- n u. ob — Un, p C U ab n, y à; 


rx 
— "raw srl lan fue chiens. 


e Triten polti Ho  travsition functin Un " Sip) > SU (N ), so that mony nate Do CHD), 
T 


N E x a A ~~ - BY (re P- 9) 
^U w-9,p Cx) Vn, (x) "Us (x) Vip) =Q 1 O^ XE pln, +P), 


Interpolation ie possible fer admissible S feldo 


We define LOU . £n, p) —2 SU CO T QR fume, ok He comer is allready defined 


smooth interpolating. Functions , 
es 
Such interpolating Function can be delved ao (K=nt With 3-7 ) Sy Sy Sp) 


f tgs Oy) = (tm) * (304 assa; Darai asa) Cages User) 

gn. 4) = (a. ) P (Us: s MM a™ CT th 

hy (25) = (imas) (ms mos, mas) Um, (mos) 

kr (a) = GT, ^ Gi, ir, i, Pa Gs.) 
ia 5) = [fur] ren Di irs) Rua D 


=~ D 


Arlt) [954 (24)] ^ . 


(i m Xy, Hi du JB jm Jo 
l S0583 ) ít. (x, ) n. (x BT y) : 


Topological charge on te lace 
Transitin tumctions M [ deine the. ae N principal bundle l 
D Qrp [U 8] = n £m 


~t ~~ 3 
a BO) = gL LOOT Sy EE 19,7] 


+ A. 2 C» ^ "LG. pd 0,,) ^ CUTS | 
Sri pov Pp, 


This topological change IS defined in a local 2 aor a ns wed - 


lt engo? Hae quautieckin Con dition c 


ami C l 
m NI ) dz P, CB) 


=> Lorn Ce | — = 


O ummary 


fopdogical change ( Lischen , (282) Jol , aar aim 


d We can extend. His feoBire to He Cane. w/ Zn ?) - vw d fie Uo. 


© Thio gieo tHe rigors lattico olenivaliir of He © Hooft amomoly 


om (* L 
Zoran C8) = oI 288) 2608] 


F, “ne olisection 


eo Com we extend oun- result to tho overlap fermions 2 


=> QC D w/ ashjond quarks i 


a Can we couple periodic axtons to thw topolesicnl chaye | 


